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(54) INK-JET RECORDING APPARATUS FOR INK CARTRIDGE 



(57) An ink-jet recording apparatus comprises an 
ink-jet recording head (6) provided on a carriage (8) 
which is movable back and forth with respect to a 
recording medium, an ink cartridge (1) which supplies 
ink to the ink-jet recording head (6), printing control 
means (80) for outputting a drive signal to the ink-jet 
recording head (6) in accordance with printing data, 
flushing control means (83) for discharging ink unre- 
lated to recording, in order to ensure a normal jet of ink 
from the ink-jet recording head (6), and control data 
storing means (87) for storing control data for the flush- 
ing control means (83). The control mode of each of the 
printing control means (80) and the flushing control 
means (83) can be varied on the basis of the data in ink 
characteristic data storing means which' is provided on 
the ink cartridge (1) and stores control data correspond- 
ing to the properties of ink. 
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Descripti n 

FIELD OF THE INVENTION 

The present invention relates to a printing appara- 
tus which receives ink from an exchangeable ink car- 
tridge and prints characters and the like on a print 
media while jetting ink droplets through nozzle orifices 
thereof. 

PACKQPQUNP OF THE INVENTION 

For example, an ink jet printing apparatus com- 
prises a print head and an ink cartridge for containing 
ink therein. In the print head, a drive signal is applied to 
piezoelectric elements, heating elements or the like. Ink 
is pressurized by energy generated by those elements, 
and caused to be jet out in the form of ink droplets 
through nozzle orifices. 

A print quality is determined by a resolution of the 
print head, and depends largely on viscosity of ink and 
a spread of ink t in the print medium. For this reason, 
study and development are made for the improvements 
of ink characteristic, print head driving method adapta- 
ble to the characteristics of like ink, and maintenance 
conditions of purging periods in purging ink for prevent- 
ing the clogging of the print head, the purging of ink 
from the print head being capped, and the like. 

A remarkable improvement of the print quality of the 
printing apparatus is achieved when the ink characteris- 
tic and the print head driving method are both improved 
in harmony with each other. Manufacturers can incorpo- 
rate such technical results of the development into the 
products. When a situation arises where altered control 
data must be loaded into the printing apparatus after 
delivered to the market, it is necessary to return the 
printing apparatus to its factory and replace an old stor- 
ing means with a storing means storing the altered con- 
trol data. This is almost impossible when considering 
the cost and labor to effect such work. 

Accordingly, an object of the present invention is to 
provide a novel ink jet printing apparatus which can eas- 
ily and automatically alter the print head driving method 
and the maintenance condition for removing the clog- 
ging of the print head in accordance with a change of 
the specification of ink, arid an ink cartridge in use with 
the ink jet printing apparatus. 

Ink as a chemical product is contained in the ink 
cartridge- Even in the ink cartridge run out of ink, there 
is a chance that ink is left in the ink cartridge. Therefore, 
ink per se as a chemical product and noncorrosiveness 
of high polymer material of the ink cartridge will contam- 
inate environments. To avoid this, it is desirable to col- 
lect ink cartridges run out ink from users, and refill the 
used ink cartridges with new ink and use the regener- 
ated ones again. However, the regenerated products 
are somewhat degraded in reliability performance. For 
this reason, it is necessary to secure a satisfactory print 
quality, to consider an adverse affect on the print head, 



and to announce that the product is a regenerated one. 

A second object of the present invention is to pro- 
vide a novel ink jet printing apparatus which can secure 
a reliable print quality and satisfactory functions of a 
5 regenerated ink cartridge, and an ink cartridge in use 
with the ink jet printing apparatus. 

SUMMARY OF THE INVENTION 

w According to the present invention, there is pro- 
vided an ink jet printing apparatus comprising: an ink jet 
print head mounted on a carriage reciprocatively moved 
relative to a print medium; an ink cartridge for supplying 
ink to the ink jet print head; print control means for out- 

15 putting a drive signal to the ink jet print head in accord- 
ance with print data; head maintenance control means 
for discharging ink not contributing to print so as to 
secure a normal ink discharge from the ink jet print 
head; control data storing means for storing control data 

20 for the print control means and the head maintenance 
control means; and ink characteristic data storing 
means for storing ink characteristic data based on a 
nature of ink, and being disposed on the ink cartridge; 
wherein a control mode of either of the print control 

25 means and the head maintenance control means may 
be altered by the ink characteristic data. 

With such a construction, the control conditions for 
the ink jet printing apparatus can be altered, without any 
aid of users, in compliance with the characteristic of ink 

30 in the ink cartridge and a reliability deteriorative varia- 
tion ensuing from the reuse of the ink cartridge. There- 
fore, the operation mode of the ink jet printing apparatus 
may be altered in accordance with the composition of 
ink, which will greatly influences the print quality and the 

35 . maintenance condition. When the used ink cartridge is 
used, the maintenance condition may automatically be 
altered in accordance with the number of the reuses of 
the ink cartridge. 

40 BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 

Figs. 1 is a view showing an overall construction in 
45 an ink jet printing apparatus embodying the present 
invention; 

Fig. 2 is a view showing a printing mechanism in an 
ink jet printing apparatus embodying the present 
invention; 

so Figs. 3(a) and 3(b) are views showing a black ink 
cartridge used in the ink jet printing apparatus; 
Figs. 4(a) and 4(b) are views showing a color ink 
cartridge used in the ink jet printing apparatus; 
Fig. 5 is a graphical representation of a variation of 

55 an electrical resistance between paired electrodes 
provided in the ink cartridge with respect to an 
amount of residual ink; 

Fig. 6 is a view showing a layout of an ink character- 
istic data storing means and a data reading means 
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92 compares the measured one with the reference 
value Rs produced between the electrodes for a con- 
ductivity of ink suitable for the black print head 6 
(hatched range in Fig. 5). When the measured resist- 
ance value falls within a preset range Rs ± AR, the* ink 
nature detecting means judges' that the ink used is suit- 
able for the print head, and executes the subsequent 
process. 

When it is out of the preset range Rs ± AR, (inks 
exhibiting resistance characteristics denoted as B and 
C), specific control data for a protection operation is 
stored in advance into the control data storing means 
87, and the control conditions of the suction control 
means 82 and the flushing control means 83, both for 
maintenance, are altered. 

To be more specific, for the forcible discharging of 
ink, the suction time is set to be somewhat long, 
whereby an ink exchanging rate of the black print head 
6 is increased. The flushing period during the printing 
operation is set to be short, whereby the flushing is per- 
formed frequently. One flushing time is set to be long, 
whereby the amount of ink to be discharged is 
increased. Where the ink discharging amount is 
increased, the print quality is little deteriorated even if 
the ink tending to clog the print head 6 is used. The ink 
that may damage the print head 6 is quickly consumed, 
the replacing period of the ink cartridge 1 is reduced, 
and consequently the damage of the print head is mini- 
mized. 

In the case of the ink cartridge after ink contained 
therein is completely used up, the container of the car- 
tridge experiences only its attaching and detaching to 
and from the print head 6, and there is a less chance of 
being damaged. Therefore, such a cartridge can be 
used again if some parts, for example, packing and 
sealing pieces, are replaced with new ones. As shown 
in Fig. 9, an indication 96 indicative of a lot number, usu- 
ally a bard code, is printed on a preset location of the ink 
cartridge 1 . The lot number may be used to specify a 
type of the printing apparatus or the print head suitable 
for the ink cartridge, composition of ink, and a factory to 
manufacture the ink cartridge with the lot number. 

Fig. 10 shows an example of a cartridge regenera- 
tion equipment used for regenerating such used ink car- 
tridges. A conveying means designated by reference 
numeral 100, for example, a belt conveyor, conveys a 
pallet 101 capable of holding an ink cartridge 108 in a 
fixed posture along a lot number reading means 102, 
removal means 103, washing means 104, ink filler 105, 
and data writing means 106 arranged in this order. 

A regenerating process controller 107 judges the 
number of uses of the ink cartridge 108 by use of data 
read out of the bar codes on the ink cartridge. When the 
ink cartridge is used five times or larger, the regenerat- 
ing process controller produces a signal for transmis- 
sion to the removal means 103 to cause it to discard the 
ink cartridge. Thus, only the ink cartridge that is used a 
few times is washed with the washing means 104, and 
then is conveyed to the ink filler 105. The ink filler 



removes ink still left in the ink cartridge, and fills the ink 
cartridge with new ink. After the refilling, the data writing 
means 106 prints data indicative of reuse, for example, 
data specifying the number of uses of the ink cartridge. 

5 The ink filler 105 includes a chamber body 111 
forming an injection/discharge chamber 110 that may 
be opened and closed, and a cover member 112 that 
may also be opened and closed. The cover member 
1 12 is provided with an ink suction/injection needle 1 1 3 

10 to be inserted into the ink injection port 36 of the ink car- 
tridge, and an exhaust pipe 114 communicatively con- 
nected to the air communication port 37. The ink 
suction/injection needle 113 is connected to a suction 
means by way of a passage switch valve (not shown), 

is and a fixed-amount ink supplying means. The injec- 
tion/discharge chamber 110 is connected to a vacuum 
pump (not shown). 

In the ink filler thus constructed, the ink cartridge 
108 is put in the injection/discharge chamber 110, and 

20 the injection/discharge chamber 1 10 is sealed with the 
cover member 1 12. As a result, the ink suction/injection 
needle 113 is inserted into the ink injection port 36 of 
the ink cartridge 108, and the residual ink is purged out 
by the suction means. A pressure in the injection/dis- 

25 charge chamber 110 is reduced by the vacuum pump, 
and the passiage switch valve is turned to the fixed 
amount ink supplying means which in turn supplies ink 
to the ink cartridge 108. Thus, the ink injection is carried 
out under a reduced pressure condition. Therefore, a 

30 long life of product quality is guaranteed. 

Upon completion of the filling of ink, a total number 
of uses of the ink cartridge 1 is stored in the ink charac- 
teristic data storing means 70 thereof or a storing 
means exclusively used for that data storage. Here, the 

35 ink filler completes its ink filling operation. The total 
number of uses of the ink cartridge is preferably stored 
in the form of patterns that are impossible to alter, mod- 
ify and change and easy to see. Embodiments of such 
patterns are illustrated in Figs. 1 1 (a) and 1 1 (b). The pat- 

40 terns illustrated are conductive patterns 120 and 121 
that may be cut, and the number of conductive patterns 
corresponding to the total number of uses of the ink car- 
tridge are formed on an easy-to-see location on the ink 
cartridge by printing, for example. The conductive pat- 

45 terns 1 20 and 1 21 are cut as visually and clearly recog- 
nized, corresponding to the number of regenerations of 
the ink cartridge as shown in Figs. 1 1(c) and 1 1(d). 

Contact electrodes are formed at locations coinci- 
dent with contact portions 1 20a, 1 20b, 1 20c, 1 20d of the 

so conductive patterns 120 and 121 when the ink cartridge 
1 is set to the cartridge holder 1 6 or the lever 1 4 or 1 5 of 
the cartridge holder 16. Data on those patterns are read 
out by the data read-out means 84, and used for altering 
the control conditions by the control data read-out 

55 means 85. Specifically, for the forcible discharging of 
ink, the suction time is set to be somewhat long, 
whereby an ink exchanging rate of the black print head 
6 is increased. The flushing period during the printing 
operation is set to be short, whereby the flushing is per- 
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formed frequently. One flushing time is set to be long, 
whereby the amount of ink to be discharged is 
increased. Where the ink discharging amount is 
increased, the print quality is little deteriorated if a relia- 
bility of the ink cartridge is reduced as result of the reus- 5 
ing of the cartridge. 

The ink cartridge 122 thus refilled with ink is 
packed, for securing its good storage, such that at least 
the ink supply port 1 23 thereof is covered with a damper 
member 124, and put into an air shut-off bag 125 and a 10 
pressure within the bag is reduced. The ink cartridge 
126, sealingly put in the air shut-off bag 125, is packed 
into a box 1 27, and then the box contained ink cartridge 
is delivered to a market. 

Seals 128 indicating a regenerated or disposal 15 
product are printed on the bag containing the ink car- 
tridge. In this case, some means, such as the number of 
seals, color or design, which is capable of clearly show- 
ing the number of reuses of the cartridge is preferably 
formed on the box 127. If so done, a mutual reliance 20 
between the manufacturer and the user will be 
enhanced. 

While in the above-mentioned embodiment, the ink 
cartridge is mounted on the carriage, the present inven- 
tion may be applied to the ink cartridge of the type in 25 
which the cartridge is mounted on a case and supplies 
ink to the print head by way of an ink tube. An embodi- 
ment where the present invention is embodied in such 
type of the ink cartridge is shown in Fig. 13. The ink car- 
tridge in this embodiment is made up of a flat ink bag 30 
131 for sealingly containing ink therein, a hard case 132 
for receiving the ink bag, and a cover 133. 

The flat ink bag 131 follows. For securing a gas bar- 
rier function, an aluminum foil is sandwiched with two 
films into an aluminum laminated film. Of those films, 35 
the outside film is a nylon film, for example, and the 
inside film is a polyethylene film, for example. Two alu- 
minum laminated films are layered one on the other. 
Three sides of the resultant film are bonded together by 
heat welding, and an ink supply port 134 of a plastic 40 
molded product is attached to the remaining side 
thereof. The ink supply port 134 is sealed with a septum 

135 made of an elastic material, e.g., rubber, which 
receives an ink supply needle attached to the extremity 

of the ink jet printing apparatus. In the f igure, numeral 45 

1 36 is a detecting plate for detecting an amount of ink in 
the ink bag 131. 

As shown in Fig. 14, the ink cartridge 137 is 
mounted on the case, and communicatively connected 
through an ink tube 138 to a subtank 139. The subtank so 
139 supplies ink to the black print head 6. 

The ink characteristic data storing means 70 is pro- 
vided on the hard case 132 or the cover 133 of the ink 
cartridge 137. The data reading means 71 is mounted 
on the case. The control conditions may automatically ss 
be altered in accordance with ink characteristics and the 
number of reuses of the ink cartridge by use of the con- 
trol unit as already stated. The thus constructed ink car- 
tridge 137, usually, detects an amount of residual ink on 



the basis of a displacement of the detecting plate 136. 
Alternatively, electrodes 140 and 141 are attached to 
the flat ink bag 1 31 . In this case, ink nature is detected 
by use of a conductivity of ink, and the maintenance 
conditions are altered as in the above-mentioned man- 
ner. When the ink cartridge 137 is reused, the residual 
ink may be purged from the ink cartridge, and new ink is 
injected into the ink cartridge as in the above-mentioned 
case, by use of an ink injection/discharge needle, if it is 
put to the septum 135. 

In the embodiments described above, description is 
made on the case where specification for ink is altered 
and the ink cartridge is processed for reuse by the man- 
ufacturer. A modification is allowed where an optimum 
control condition that is set in the printing apparatus is 
stored into the ink characteristic data storing means 70 
of the ink cartridge. Where a plural number of print 
media whose ink absorbing characteristics are greatly 
different are used for print, the control conditions best 
for the print media may automatically be set up in the ink 
jet printing apparatus by merely exchanging the ink car- 
tridge with a suitable one.' 

As seen from the foregoing description, the control 
conditions for the ink jet printing apparatus can be 
altered, without any aid of users, in compliance with the 
characteristic of ink in the ink cartridge and a reliability 
variation ensuing from the reuse of the ink cartridge. 
Therefore, the operation mode of the ink jet printing 
apparatus may be altered in accordance with the com- 
position of ink, which will greatly influences the print 
quality and the maintenance condition. When the used 
ink cartridge is used, the maintenance condition may 
automatically be altered in accordance with the number 
of the reuses of the ink cartridge. Therefore, a satisfac- 
tory print quality is secured, the reuse of the ink car- 
tridge is possible, and the ink cartridge that may 
contaminate environment may be collected. 

Claims 

1 . An ink jet printing apparatus comprising: 

an ink jet print head mounted on a carriage 
reciprocatively moved relative to a print 
medium; 

an ink cartridge for supplying ink to said ink jet 
print head; 

print control means for outputting a drive signal 
to said ink jet print head in accordance with 
print data; 

head maintenance control means for discharg- 
ing ink not contributing to print so as to secure 
a normal ink discharge from said ink jet print 
head; 

control data storing means for storing control 
data for said print control means and said head 
maintenance control means; and 
ink characteristic data storing means for storing 
ink characteristic data based on a nature of ink, 
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print head is moved to the ink receptacles, and ink 
droplets are purged from the nozzle orifices into the 
receptacles, irrespective of the print data. 

3) Conditions of the sucking operation: a sucking 
pressure of the sucking pump, sucking rate, opera- 
tion time, an amount of suction, and the like. The 
sucking operation is performed, for example, when 
the ink cartridge is replaced with a new one. In the 
operation, a negative pressure is applied to the 
nozzle orifices to purge ink therefrom. 

4) In the case of the regenerated cartridge, the 
number of uses of the cartridge. 

Fig. 8 is a block diagram showing a control unit for 
carrying out various controls in accordance with the 
nature of ink by use of the thus constructed ink car- 
tridge. The black ink cartridge 1 is used in this embodi- 
ment. Substantially the same control unit is available for 
the color ink cartridges, as a matter of course. 

In the figure, reference numeral 80 is a print control 
means which controls the carriage drive motor 10 in 
accordance with print data received from a host compu- 
ter while causes a head drive means 81 to output a 
drive signal to drive the black print head 6. Numeral 82 
is a suction control means for controlling a sucking time 
and a sucking force. When the black ink cartridge 1 is 
replaced with another cartridge or the black print head 6 
is clogged, the suction control means 82 used. In this 
case, the black print head 6 is sealed with the capping 
members 17, and a negative pressure is applied to the 
sealed black print head 6. Numeral 83 is a flushing con- 
trol means has a function to control a period at which a 
flushing operation is performed, and a time for which the 
flushing operation continues, and another function to 
output a drive signal to the head drive means 81 to start 
the flushing operation. The flushing operation is exe- 
cuted, during a print period, to prevent the black print 
head 6 from being clogged with ink of an increased vis- 
cosity. In the flushing operation, the printing operation is 
stopped for a given period and the black print head 6 is 
driven to discharge ink droplets irrespective of print 
data. The print control means 80, head drive means 81 , 
suction control means 82, and flushing control means 
83 are essential in executing the minimum functions 
required for the ink jet printing apparatus. 

Numeral 84 is a data read-out means. The data 
read-out means 84 responds to a signal output from the 
data reading means 71 and 71' attached to the carriage 
8, for example, and reads data from the ink characteris- 
tic data storing means 70 of the black ink cartridge 1 
and outputs the read out data to a control data read-out 
means 85 and a control data writing means 86, which 
will be described later. 

The control data read-out means 85, referred to just 
above, refers to a control data storing means 87 to be 
given later and selects an optimum print condition from 
the contents stored in the storing means in accordance 
with the ink nature, for example, of the black ink car- 
tridge 1 , and transfers the selected one to the print con- 



trol means 80, suction control means 82 and flushing 
control means 83. The control data writing means 86 
updates data stored in the control data storing means 
87 when the data read-out means 84 outputs data to 

5 request the version up of the printing apparatus. 

The control data storing means 87 is a nonvolatile 
semiconductor storing means, e.g., flash memory, 
which is easily electrically reprogammable and capable 
of holding data without being destroyed when no elec- 

10 trie power is supplied to the printing apparatus. The con- 
trol data storing means 87 stores data of the factors 
determining the characteristic of a drive signa, which 
are adjusted in connection with ink in the black ink car- 
tridge 1 attached to the printing apparatus. Examples of 

15 the factors are: voltage, application time, a rate of 
changing of voltage and current, period at which the 
flushing operation is performed, continuance of the 
flushing operation in time, time duration of a sucking 
operation, and sucking force. 

20 Numeral 90 designates a resistance detecting 
means for detecting an electrical resistance value 
between the electrodes 62 and 63 of the ink cartridge 
for the purpose of ink end detection. A detection result 
is applied to an ink amount detecting means 91 and an 

25 ink nature detecting means 92. When an electrical 
resistance value between the electrodes 62 and 63 
increases to reach a reference value Ln (see Fig. 5), the 
ink amount detecting means 91 causes a display 93 to 
display an ink near end message directing a user to 

30 replace the ink cartridge with a new one. When the 
resistance value reaches another reference value Le, 
the ink amount detecting means 91 causes the display 
93 to display an ink end or, if necessary, outputs a signal 
to stop the printing operation. 

35 The ink nature detecting means 92, just referred to 
above, judges whether or not ink filling the black ink car- 
tridge 1 is suitable for black print head 6 depending on 
an electric conductivity of ink that can be known from an 
electrode-to-electrode resistance in the ink full state of 

40 the black ink cartridge 1 . The result of the judgement is 
applied to the control data read-out means 85. 

An operation of the thus arranged control unit of the 
ink jet printing apparatus will be described. 

Upon power on, the print control means 80 reads 

45 control data from the control data storing means 87, and 
waits for input print data. In this state, print data is input 
to the control unit. Then, the print control means 80 
causes the head drive means 81 to output a drive signal 
to form dots defined by the print data under control of 

50 control data output from the control data storing means 
87. 

A size of a dot formed on a print sheet with an ink 
droplet discharged from the black print head 6 depends 
on a viscosity of ink and a permeability of ink into the 
55 print sheet. For this reason, in printing dots, a drive 
energy is used which is suitable for the characteristic of 
the ink contained in the black ink cartridge 1 now 
loaded, whereby an amount of an ink droplet is opti- 
mumly adjusted to keep a print quality at the highest 
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level. The amount of the ink droplet may readily be reset 
by controlling a voltage and application time of the drive 
signal, changing rates of the voltage and current in 
accordance with data from the control data storing 
means 87. 

A printing operation continues for a give time, and a 
clogging occurrence time, which depends on an evapo- 
ration characteristic of ink of the black ink cartridge 1 , 
elapses. Then, the print control means 80 moves the 
carriage 8 to a nonprint region and causes the black 
print head 6 to face an ink receptacles, for example, the 
capping members 17. And it drives the black print head 
6 to discharge a fixed number of ink droplets. As the 
result of the discharging operation, ink whose viscosity 
was increased in the black print head 6 is discharged 
into the capping members 17. Then, ink suitable for the 
print is discharged from the black ink cartridge 1, and 
the printing operation will continue while keeping a fixed 
print quality level. 

When the printing operation continues for a long 
and ink is used up in the black ink cartridge 1 , the old 
black ink cartridge 1 is detached from the cartridge 
holder 16 and a new black ink cartridge 1 is attached to 
the holder. The detaching and attaching of the black ink 
cartridge 1 is detected by the data reading means 71 . 
Then, the data read-out means 84 reads ink character- 
istic data on the new black ink cartridge 1 from the ink 
characteristic data storing means 70. 

When the ink of the new black ink cartridge 1 is 
improved and requires an alteration of the control condi- 
tions, the control data writing means 86 updates data in 
the control data storing means 87 in accordance with 
the data on the black ink cartridge 1 that is stored in the 
ink characteristic data storing means 70. 

When the replacement of the black ink cartridge 1 
ends, the suction control means 82 moves the carriage 
8 to the capping position, and seals the black print head 
6 with the capping members 17. Then, it controls a suc- 
tion force and a suction time of the pump unit 20 on the 
basis of the updated suction control data stored in the 
control data storing means 87, causes the print head to 
discharge ink at the suction pressure and time suitable 
for the ink viscosity of the black ink cartridge 1 attached. 
In this case, air bubbles that entered, together with ink, 
into the black print head 6 are also discharged, to 
thereby preventing a print defect. 

When such a maintenance operation ends and a 
printing operation starts again, the print control means 
80 reads the updated control data from the control data 
storing means 87, and causes the head drive means 81 
to output a drive signal suitable for the ink characteristic, 
for example, viscosity, in the replaced black ink cartridge 
1. In this way, the printing operation is performed in the 
best condition without requiring a user's adjustment 
although the ink characteristic has been changed. 

When the printing operation continues for a preset 
time and it reaches a flushing period determined by the 
ink characteristic of ink in the black ink cartridge 1, the 
flushing control means 83 move the carriage 8 to the 



nonprint region, and directs the black print head 6 to the 
ink receptacles, for example, capping members 17. 
Thus, the printing, apparatus can continue the printing 
operation while keeping a required print quality, 
although the ink characteristic has been changed. 

In such a case where the printer is not used for a 
long time and the print head 6 may be clogged, a clean- 
ing button 95 on a control panel 94 of the case is 
pushed or a timer contained in the machine issues a 
cleaning signal. In turn, the suction control means 82 
moves the carriage 8 to the capping position, and seals 
the print head 6 with the capping members 17 in prepa- 
ration for a forcible charging of ink. The suction control 
means controls a suction force and a suction time of the 
pump unit 20 on the basis of the suction control data of 
the control data storing means 87 to purge ink in a con- 
dition suitable for the loaded ink cartridge 1 . As a result, 
ink whose viscosity is extremely increased is forcibly 
discharged and the clogging of the print head is 
removed. 

When a black ink cartridge 1 filled with ink improved 
in its characteristic for print quality improvements is 
delivered from a manufacturer without any announce- 
ment on the characteristic improvement, the printing 
apparatus of the invention accepts such an ink cartridge 
since control data may be automatically updated before 
the black print head 6 is driven or the maintenance con- 
dition may be altered. In other words, if control data suit- 
able for ink is stored in the ink characteristic data storing 
means 70 of the ink cartridge 1, the manufacturer can 
change the specifications of ink as desired. The manu- 
facturer can provide more varied products. 

If a memory of a relatively large memory capacity, 
such as a semiconductor storing means, is used for the 
ink characteristic data storing means 70, catch phrases, 
logotypes and the like that may legally be registered as 
a copyright may be stored in the form of protected data 
in the storing means. In this case, the data read-out 
means 84 is-given an additional function to allow the 
printing only when the data read-out means 84 confirms 
the protected data in a coincidence manner. By so 
designed, an unwanted situation is unlikely to arise 
where an excessive amount of incorrect ink, which is 
supplied not through regular sales channels, is mistak- 
enly injected into the print head. The result is to mini- 
mize the damage of the print head and the loss of the 
user. 

The ink cartridge having the electrodes 62 and 63 
for detecting an ink end in the ink cartridge 1 is in an ink 
full state immediately after replacement of the ink car- 
tridge 1. Therefore, a resistance value between the 
electrodes 62 and 63 is not dependent on an amount of 
ink left in the ink cartridge, but dependent only on a con- 
ductivity of ink (in the ink full region in Fig. 5). Therefore, 
in this state a conductivity of ink can be measured. 

When the ink cartridge 1 is replaced with another 
cartridge, the ink nature detecting means 92 measures 
a conductivity of ink in the ink cartridge 1 by use of a sig- 
nal from the resistance detecting means 90. The means 
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and being disposed on said ink cartridge; 

wherein a control mode of either of said 
print control means and said head mainte- . 
nance control means may be altered by the ink 
characteristic data. 

2. The ink jet printing apparatus according to claim 1 , 
wherein said head maintenance control means 
includes flushing control means for outputting a 
drive signal to said ink jet print head to cause said 
ink jet print head to discharge ink droplets in order 
to prevent said ink jetprinthead from being clogged, 
and suction control means for sealing said ink jet 
print head .with a capping member and causing 
sucking means to apply a negative pressure to said 
ink jet print head thereby sucking ink from said ink 
jet print head. 

3. The ink jet printing apparatus according to claim 2, 
wherein the ink characteristic data is any one of 
data on voltage, pulse width, and voltage slope of a 
drive signal, flushing period, continuance of flush- 
ing operation in time, and suction pressure, suction 
rate, and suction duration of sucking operation, and 
the number of reuses of said ink cartridge. 

4. The ink jet printing apparatus according to claim 1 , 
wherein said control data storing means comprises 
electrically reprogrammable storing means, and 
further comprises control data writing means for 
updating the control data in said control data stor- 
ing means in accordance with the ink characteristic 
data. 

5. The ink jet printing apparatus according to claim 1 , 
further comprising an ink nature detecting means 
for detecting electrical characteristic of ink in said 
ink cartridge, and when an ink cartridge containing 
ink whose electrical characteristic is different from a 
reference value is set, said head maintenance con- 
trol means sets an amount of ink to be discharge to 
an ink amount in excess of an amount of ink of the 
ink cartridge containing ink whose electrical char- 
acteristic is equal to the reference value. 

6. The ink jet printing apparatus according to claim 1, 
wherein when the ink characteristic data indicates 
that the ink cartridge is a used ink cartridge, said 
head maintenance control means sets an amount 
of ink to be discharge to an ink amount in excess of 
an amount of ink of the ink cartridge containing ink 
whose electrical characteristic is equal to the refer- 
ence value. 

7. The ink jet printing apparatus according to claim 1 , 
wherein said ink cartridge is mounted on a carriage. 

8. The ink jet printing apparatus according to claim 1 , 
wherein said ink cartridge is put in a case, and sup- 



plies ink to said ink jet print head by means of an ink 
tube. 

9. An ink cartridge comprising: 

5 

an ink container having an ink supply port con- 
nectable to a print head and containing ink; and 
ink characteristic data storing means for storing 
data for specifying a nature of the ink; 
10 wherein said ink characteristic data stor- 

ing means is located at a position where said 
ink characteristic data storing means can be 
read from outside, when said ink cartridge is 
set in a holder. 

15 

10. The ink cartridge according to claim 9, wherein the 
data is any one of data on voltage, pulse width, and 
voltage slope of a drive signal for the print head in 
accordance with print data, period of a flushing 

20 operation to cause the ink jet print head to dis- 
charge ink droplets in order to prevent the ink jet 
print head from 'being clogged, continuance of 
flushing operation in time, and suction pressure, 
suction rate, and suction duration of sucking opera- 

25 tion for sealing the ink jet print head with a capping 
member and causing sucking means to apply a 
negative pressure to the ink jet print head to 
thereby discharging ink therefrom, and the number 
of reuses of said ink cartridge. 

30 

11. The ink cartridge according to claim 9, wherein said 
ink characteristic data storing means comprises 
any one of an electrical storing element, conductive 
patterns, optical patterns, mechanical patterns, and 

35 magnetic patterns. 

1 2. The ink cartridge according to claim 1 0, wherein the 
data representing the number of reuses of said ink 
cartridge comprises one of patterns that cannot be 

40 rewritten. 

13. The ink cartridge according to claim 9, further com- 
prising electrodes for determining the nature of ink 
and being located at positions where an external 

45 electrical access thereto is allowed. 

14. The ink cartridge according to claim 13, in which 
said electrodes also serve as means for detecting 
an amount of residual ink. 

so 

1 5. The ink cartridge according to claim 9, wherein data 
from which the number of reuses of said ink car- 
tridge is visually read is provided on a surface of 
said ink cartridge. 

55 

1 6. The ink cartridge according to claim 9, wherein said 
ink container includes an ink injection port through 
which said ink container is refilled with ink 
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cartridge is substantially the same as of the black ink 
cartridge. A container 45 with an open end is substan- 
tially cuboidal in shape, and the widthwise length of the 
container gradually increases toward its open end. The 
container 45 is divided into a plurality of rooms by walls' s 
46. Each room is partitioned, by a partitioning wall 48, to 
form a foam room 49 and an ink room 50 for directly 
containing ink. A through-hole 47 is formed in the lower 
part of the partitioning wall 48. 

Ink supply ports 51 that will receive ink supply nee- 10 
dies of the color print head 7 are formed in the lower end 
of the foam room 49. The open end of the container 45 
is sealingly closed by a cover 54 having an ink injection 
port 52 and an air communication port 53, which are 
slightly spaced from each other. The ink injection port is 
52 of the cover 54 is located closer to the ink supply 
ports of the foam room 49 when horizontally viewed. 

Protruded parts 56 are formed on the bottom of the 
foam room 49. The protruded parts 56 cooperate with 
the cover 54 to compress a porous body 55. An ink 20 
inflow port 57 is formed in the upper end of each pro- 
truded part 56. A port passage 59 is extended from the 
ink inflow port 57 to the ink supply port 51 . A packing 
means 60 is put in the port passage 59. The packing 
means 60 will be fit to the ink supply needle of the print 25 
head 7, liquid tightly. A film 61, which will be broken 
when the ink supply needle is applied thereto, is applied 
and bonded to the ink supply port 51 . 

In the construction of each of the ink cartridges 1 
and 2, the ink cartridge is divided into the foam room 30 
and the ink room, and these roans store ink in different 
ways. Any ink cartridge, if it contains at least the porous 
body 31 or 55 impregnated with ink, will work as the ink 
cartridge 1 or 2 does, in spite of the presence of the ink 
room 34 or 50. 35 

In the ink cartridge thus constructed, it is necessary 
to check an amount of ink in the cartridge. One way to 
check the ink amount is to count an amount of ink con- 
sumed in the printing apparatus. In case where conduc- 
tive ink is the ink to be measured in its amount, a couple 40 
of electrodes 62 and 63 (64 and 65), separated a fixed 
distance from each other, are located near the ink sup- 
ply port to detect a liquid level of ink present in the con- 
tainer. These electrodes are disposed crossing the 
container wall in a manner that one part of each elec- 45 
trode is extended inward from the inner wall of the con- 
tainer while the other part is extended outward from the 
outer wall of the container. Those parts outside the con- 
tainer form terminals 62a and 63a (64a and 65a) to be 
connected to an external device. so 

An electrical resistance between the couple of elec- 
trodes 62 and 63 (64 and 65) varies with respect to an 
amount of ink remaining in the ink cartridge 1 (2) as indi- 
cated by a curve denoted as A in Fig. 5. The graph 
shows that the resistance value rapidly increases in a ss 
region of small quantities of residual ink. As seen from 
the graph, it is possible to reliably grasp a residual ink 
amount by presetting the following resistance values; a 
resistance value Ln between those electrodes 62 and 
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63 (64 and 65) measured in a state that a residual ink 
amount is such that it is very small but the print is possi- 
ble, viz., a resistance value at the ink near end, and a 
resistance value Le between those electrodes meas- 
ured in a state that the residual ink amount is such that 
ink is almost used up and a further print is impossible 
because the air bubbles are took in the print head 6, 7. 

The ink cartridge thus constructed, as shown in Fig. 
6, includes an ink characteristic data storing means 70 
and a data reading means 71 for reading data from the 
ink characteristic data storing means 70. As shown, the 
ink characteristic data storing means 70 is attached to 
the surface of the ink cartridge an access to which is 
easy; bottom, side or upper sides of the cartridge. The 
data reading means 71 is firmly attached to the car- 
tridge holder 16. 

Turning now to Figs. 7(a) to 7(d), there is illustrated 
some embodiments of the ink characteristic data storing 
means 70. In an embodiment of the ink characteristic 
data storing means shown in Fig. 7(a), an electrical 
storing means 72, such as a magnetic bubble storing 
element or a nonvolatile semiconductor storing ele- 
ment, is provided, and a series of contacts 73 connect- 
able to the contact electrodes of the data reading 
means to making an access to the electrical storing 
means are disposed close to the electrical storing 
means. An embodiment of the storing means shown in 
Fig. 7(b) comprises a code pattern 74, for example, a 
bar code, formed by use of an optical ink, a magnetic 
ink, the like. An optical detector, a magnetic head, or the 
like may be used for the data reading means. An 
embodiment of the storing means shown in Fig. 7(c) 
comprises an array of protruded pieces 75 regularly 
arranged. A plurality of limit switches arranged in asso- 
ciation with the array of the protruded pieces are used 
for the data reading means. These switches are selec- 
tively turned on and off. Another embodiment of the 
storing means is shown in Fig. 7(d). In this embodiment, 
a plurality of conductive patterns 76 are arranged to be 
put at predetermined positions. Contacts, which are put 
at the positions corresponding to those of the conduc- 
tive patterns 76, form the data reading means. Data is 
stored in the form of presence and absence of the con- 
ductive patterns. 

Such control data may be: 

1) States of a drive signal to cause the print head 6 
(7) used to jet an ink droplet; a drive voltage, an 
application time of the drive voltage, a rate of 
change of the voltage or current, or the like. 

2) Conditions of a flushing operation: flushing 
period, the number of ink droplets shot forth for the 
flushing, continuance of flushing operation, drive 
voltage and its application time for causing the print 
head to jet an ink droplet, a rate of change of the 
voltage or current, or the like. The flushing opera- 
tion is performed during the printing period to pre- 
vent the clogging of the nozzle orifices. In the 
operation, the printing operation is stopped and the 
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on the ink cartridge; 

Figs. 7(a) to 7(c) are perspective views showing 
some embodiments of the ink characteristic data ■ 
storing means provided on a black ink cartridge; 
Fig. 8 is a block diagram showing a control unit for s 
carrying out various controls in accordance with the 
nature of ink by use of the ink cartridge; 
Fig. 9 is a view showing an ink cartridge; 
Fig. 10 is a diagram showing a cartridge regenera- 
tion equipment used for regenerating such used ink 
cartridges; 

Figs. 11(a) and 11(b) are views showing embodi- 
ments of used ink cartridges, and Figs. 11(c) and 
1 1(d) are views showing conductive patterns on the 
ink cartridges after those are used one time and 
two times; 

Fig. 12 is a view showing a process of packing the 
used ink cartridge; 

Fig. 13 is a view showing another ink cartridge to 
which the present invention is applicable; and 
Fig. 1 4 is a diagram showing a control unit of an ink 
jet printing apparatus using the ink cartridge of Fig. 
12. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An embodiment of the present invention will be 
described with reference to the accompanying draw- 
ings. 

Figs. 1 and 2 are views showing an overall con- 
struction and a printing mechanism in an ink jet printing 
apparatus embodying the present invention. In the fig- 
ures, reference numerals 1 and 2 are a black ink car- 
tridge and a color ink cartridge. These cartridges are 
attached to and detached from a carriage 8, which car- 
ries thereon black print head 6 and a color print head 7, 
by inserting the cartridges through a window 4 formed in 
a case 3. 

As well known, the print heads 6 and 7 have each a 
plurality of reservoirs for receiving ink from the ink car- 
tridge, and a plurality of pressure generating chambers 
communicatively coupled with nozzle orifices for jetting 
ink droplets. A pressure applying means operates in 
response to a drive signal and pressurizes the pressure 
generating chamber associated therewith. In turn, the 
pressure generating chamber causes ink to jet out in the 
form of ink droplet through the nozzle orifice associated 
therewith. In preparation for the next jetting of ink drop- 
let, ink is supplied to the pressure generating chamber. 

In a specific form of the pressure applying means of 
the pressure generating chamber, a diaphragm is used 
which is formed of an elastic plate-like member, which 
forms a part of the pressure generating chamber. The 
diaphragm is elastically deformed by a piezoelectric ele- 
ment. In another specific form of the pressure applying 
mean, a heating element is used, which is energized by 
a drive signal applied thereto to heat and evaporate ink 
in the pressure generating chamber. 



The carriage 8, coupled with a motor 10 by means 
of a timing belt 9, is moved parallel to a platen 12 while 
being guided by a guide member 1 1 . The print heads 6 
and 7 are mounted on the surface of the carriage 8, 
which faces a, print sheet 13. A hplder 16 with levers 14 
and 15, which assist the attaching/detaching of the ink 
cartridges 1 and 2, is provided on the upper surface of 
the carriage 8. 

Numerals 1 7 and 18 are capping members for seal- 
ing the black print heads 6 and 7. The capping members 
are coupled with a pump unit 20 for receiving a power 
from a paper feed motor 19. In a print rest period, the 
capping members 17 and 18 seal the surfaces of the 
nozzle apertures of the print heads 6 and 7 to prevent 
ink at the nozzle apertures from being dried. When the 
nozzle orifices are clogged, the capping members 17 
and 18 seal the nozzle orifice surfaces of the print 
heads 6 and 7, and in this state, a negative pressure is 
applied to the print heads 6 and 7 from the pump unit 
20, whereby ink is forcibly discharged or purged from 
the print heads. 

Figs. 3(a) and 3(b) are views showing a specific 
example of a black ink cartridge. In the figure, numeral 
30 is a substantially cuboidal container with an open 
end, the widthwise length of the container gradually 
increasing toward its open end. To secure an easy joint- 
ing of the container to other members by thermal weld- 
ing, the container is formed by injection molding 
polymer, such as polypropylene, polyethylene, polysty- 
rene or the like. The container 30 has a room for con- 
taining a porous body 31 made of elastic material 
suitable for absorbing at least ink. In the present embod- 
iment, the container is divided, by a partitioning plate 
32, into a foam room 33 and an ink room 34 for directly 
containing ink. 

An ink supply port 35 that will receive an ink supply 
needle of the black print head 6 is formed in the lower 
end of the foam room 33. The open end of the container 
30 is sealingly closed by a cover 38 having an ink injec- 
tion port 36 and an air communication port 37, which 
are slightly spaced from each other. The ink injection 
port 36 of the cover 38 is located closer to the ink supply 
port 35 of the foam room 33 when horizontally viewed. 

A protruded part 39 is formed on the bottom of the 
foam room 33. The protruded part 39 cooperates with 
the cover 38 to compress the porous body 31. An ink 
inflow port 40 is formed in the upper end of the pro- 
truded part 39. A port passage 41 is extended from the 
ink inflow port 40 to the ink supply port 35. A packing 
means 42 is put in the port passage 41 . The packing 
means 42 will be fit to the ink supply needle of the print 
head, liquid tightly. An air shut-off film 43, which will be 
broken when the ink supply needle is applied thereto, is 
applied and bonded to the ink supply port 35. In the fig- 
ure, reference numeral 44 designates a through-hole 
through which the foam room 33 communicates with the 
ink room 34. 

Figs. 4(a) and 4(b) show views showing a specific 
example of a color ink cartridge. The structure of this ink 
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